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Polymer 

Field of the Invention 



Background of the Invention 
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An essential requirement for an effective OLED is efficient injection of holes and 
electrons into the electroluminescent layer of the OLED. Therefore, a focus in the OLED 
field is the development of hole and I or electron transporting materials to be used in 
combination with the electroluminescent material. An effective hole transporting material 
has a HOMO level that lies between the worWunctfon of the anode and the HOMO level 
of the electroluminescent material. Furthermore, emission In a typical OLED is usually 
provided predominantly by the material having the smallest HOMO-LUMO bandgap and 
so the charge transport material should have a larger HOMO-LUMO bandgap than the 
electroluminescent material if emission from the charge transport material is undesirable. 

Another focus in the OLED field is the development of full colour OLEDs. i.e. OLEDs 
comprising red, green and blue electroluminescent materiels. A drawback of many blue 
organic electroluminescent materials is that their emission Is a relatively pale blue due 
to an insufficiently large HOMO-LUMO bandgap. when compared to the standard blue 
as defined by 1931 CIE co-ordinates. 

WO 99/48160 discloses hole transporting co-polymers TFB" and TFB": 




"TFB" 




"PFB" 
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However, the above identified co-pojymers have drawbacks, in particular, the HOMO 
levels of these materials are not ideally matched to the workfunction of ITO which 
negatively affects their hole transporting properties. 

WO 03/000773 discloses a copolymer of TFB-PFB" wherein dloctytfluorene units of the 
above co-polymers are absent. 




"TFB-PFB" 

Polymers uf this type wherein a repeat unit such as fluorene is absent can suffer from 
Insolubility, particularly at higher molecular weights. Repeat units such as fluorene could 
be Incorporated Into a polymer containing TFB and PFB units however this breaks up 
the regularity of directly linked TFB and PFB units. 

JP 09-151371 discloses trf- or tetra- amine hole Injecting materials of formula (A) 





(A) 

wherein R M is selected from H, methyl, methoxy. phenyl, trifluoromethyl. hydroxy, 
hydroxyniethyl, formyl, NH& a double bonded group and an epoxy ring; and n is 1 or 2. 
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When used In a device, this material is provided as a hole Injecting layer with a separate 
emissive layer of Alq>. 

Similar compounds are disclosed in WO 96722273 and JP 1 1-251068. These materials 
are deposited by evaporation. 

Materials of this type are incorporated into a polymer In WO 97/33193 which discloses 
polyarylpolyamlnes such as an acryfate polymer of formula (P): 

6 6 6 

NPh 



OE, =■ OCH z CH a OC(0)CH=CH 2 

IB) 

This material is cured to form a hole transporting layer, however the polymer derived 
from this material is not soluble due to cross-linking of the acrylate groups and as a 
result the polymer may only be formed by depositing a layer of the above monomer and 
cunng it Furthermore, use of acrylate groups for polymerisation does not provide any 
control over regloregularity of the resultant polymer. 

It is therefore an object of the Invention to provide a solution processable polymer having 
improved hole transporting properties without adversely affecting the colour of emission 
of the polymer by narrowing of the HOMO-LUMO bandgap. 

Summary of the Invention 

The present Inventors have surprisingly found that increasing the number of nitrogens in 
the backbone of the repeat unit of asemiconductlng polymer Improves its hole 
transporting capability by moving the HOMO level of the resultant polymer closer to 
vacuum, and therefore closer to the workfunction of the anode (e.g. ITO) of the organic 
opto-electrical device in which said semiconducting polymer is used. The present 
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Preferably, each Ar Is optionally substitute* phenyl. Preferably, each Ar' Is optionally 
substituted phenyl or biphenyl. 

Preferably, n Is 2 or 3. 



Preferably, each R Is an optionally substituted aryl or heteroaryl. more preferably a 
group of formula (II): 




(ID 

wherein G is hydrogen or a substitutent 



Preferably. G is a substltuent selected from Chalky,; C^alkoxy: C^fluoroalkyl: C*. 
perfluoroalkyl; and fluorine. 

In a second aspect, the invention provides a process for preparing a polymer comprising 
the step of polymerising the monomer of formula dm). 

in one prefen-ed embodiment of the second aspect, each P is Independently a halogen 
(preferably bromine) or a mojety of formula -O-SOrZ and the monomer of formula (lm) 
fe polymerised in the presence of a nickel complex catalyst. The monomer (lm) 
according to this embodiment may be polymerised alone or may be polymerised with a 
second monomer. 

In a second embodiment of the second aspect each P is Independently a halogen or a 
moiety of formula -O-SCVZ; the monomer of formula (lm) is polymerised with a second 
monomer having at (east two reactive boron functional groups Independently selected 
from a boronic acid group, a boronic ester graup and a borane group; and the 
polymerisation is performed in the presence of a palladium complex catalyst and a base 
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In a third embodiment of the second aspect each P is indon^n *k 
In a fourth embodiment of the second asnect nna d i« « •. , 

O-so ? s „h «,« «. « . P 0 P ,s a ha,ogen or a rook* of formula - 

more boran derivative functional groups. 

in a third aspect, the Invention provides a co-polymer cnmnrb^ *• * 

formula fin fll ,rt». > poiymer comprising a first repeat unit of 

formula (ir) and a second repeat unit Ar 2 : 



— Ar-N-Ar 
R 



Or) 



ntterol^eacTr " «»"-■* - optional* substituted ary, or 

heteroaryl; each R represents a supstltutenfc n is at least ?• A * 

« ~ a* o, hetaraaryl ^ L a ^ Il^J*^ ™ 



EST* ^ M,eetea *" 8n " ,P — »*■ * I-*-"* Ptony. 
fluoram. spirobrtiuorenB, IndenoBuorenaand h etero aryt 

££2 ,he lnvBnUon pravWes " dM » « m 
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In one preferred embodiment of the fourth aspect, the optical device comprises a hole 
transporting layer comprising a polymer obtainable by the second aspect of the 
invention. 

In another preferred embodiment of the fourth aspect, the optical device comprises an 
electroluminescent layer comprising a polymer obtainable by the second aspect of the 
invention. 

In a fifth aspect, the Invention provides a method of forming an optical device 
comprising: 

depositing from solution a polymer according to the third aspect of the 
Invenfion onto a substrate carrying a fiist electrode for injection of 
charge carriers of a first type, and 

depositing over the polymer a second electrode for Injection of charge 
earners of a second type. 

In a preferred embodiment of the fourth and fifth aspects of the invention, the first 
electrode is an anode and the second electrode is a cathode. 

In addition to their applicability in optical devices such as OLEDs or photovoltaic devices, 
the polymers according to the invention may be used In a switching device. Accordingly." 
In a sixth aspect the Invention provides a switching device comprising a polymer 
according to the third aspect ot the invention. In a preferred embodiment, this aspect of 
the invention provides a field effect transistor comprising, in sequence, a gate electrode; 
an insulator; a polymer according to the third aspect of the Invention; and a drain 
electrode and a source electrode on the polymer. 

In a seventh aspect, the Invention provides an Integrated circuit comprising a field effect 
transistor according to the sixth aspect of the invention. 

Detailed Description of the Invention 

Monomers according to the invention may be used to prepare solution piucessable. hole 
transporting and / or blue emitting polymers for use in polymer light emitting devices. 
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Where the monomer is co-polymerised, one eta, of co-repeat unite in the end poiymer 
Is arytene repeat units, fn particular: 1.4-phenylene repeat units as disclosed In J. App,. 
Phys. 1996. 79. 934; fluorene repeat units as disclosed In EP 0842208. Indenofluorene 
repeat units as disclosed in. for example. Macremolecules 2000. 33(6). 2016-2020 and 
sp.mbifluorene repeat units as disclosed In. for example EP 0707020. Each of these 
repeat units Is optionally substituted. Examples of subsets include solubliising 
groups such as C,«, alkyl or alkoxy: electron withdrawing groups such as fluorine, nitro 
or cyano: and substituents for increasing glass transition temperature (Tg) of the 
polymer such as bulky groups, e.g. tert-butyl. 

A further class of preferred co-repeat unite are repeat unite comprising one or two amino 
groups in the repeat unit backbone, in particular repeat unite of formulae 1-6: 



-fO-rOf 





■fOrOf 






X and Y may be the same or different and are substltuent groups. A. B, C and D may be 
the same or different and are substltuent groups. It is preferred that one or more of X. Y. 
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A, B, C and O is independently selected from the group consisting of alkyl. aryl. 
perfruoroalkyl, thioalkyt. cyano. alkoxy, heteroaryl, alkylaryl end arylalkyl groups. One or 
more of X. Y, A, B, C and D also may be hydrogen, it is preferred that one or more of x, 
Y. A. B. C and D Is independently an unsubslituted. Isobutyl group, an n-alkyl, an n- 
elkoxy or a trtfluoromethyi group because they are suitable for helping to select the 
HOMO level and/or for Improving solubility of thB polymer. 

Use of trtfluoromethyi groups in repeat units of this type is disclosed in WO 01/66618. 



A yet further dass of co-repeat unite include heteroaryl repeat unite such as optionally 
substituted 2,5-thienyl. pyridyl, diazlne. triazine, azote, dfazole. trtezole, oxazole or 
oxadiazole; or optionally substituted unite of formulae 7-19: 
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wherein R* and R fl are the same or different and era each Independently a substituent 
group. Preferably, one or more of R a or R B may be selected from hydrogen, afkyl. aryl 
perfluoroalkyl. thioalkyl, cyano, alkoxy. heteroaryl. alKylaryl. oraryfalkyl. These groups 
are preferred for the same reasons as discussed in relation to X. Y. A, B. C and D 
above. Preferably, for practical reasons. R 8 and R a are the same. 

When used in an OLED. polymers prepared from monomers of the Invention possess at 
least one of hole transporting and emissive properties. Furthermore, appropriate 
selection of co-repeat units may allow these polymers to possess elecfron transporting 
properties. Where the polymer has more than one of these properties, different 
properties may be provided by different segments of a block co-polymer. in particular 
segments of the polymer backbone as described In WO 00/55927 or pendant groups as 
described in WO 02/26859. Alternatively, if the polymer of the invention has only one or 
two of the properties of hole transport, electron transport and emission. It may be 
blended with one or more further polymers having the remaining required property or 
properties as described in WO 99/43160. 

Polymers made In accordance with the invention may be used as active materials in m 
any of the aforementioned optical devices. In particular electroluminescent devices and 
photovoltaic devices (i.e. photodetectors or photocells). Such optical devices comprise a 
substrate carrying the polymer located between a positive charge carrying electrode and 
a negative charge carrying electrode. In forming these devices, the polymer may be 
deposited from solution by any one of a range of techniques including in particular 
techniques such as spin-coating, dip-coating, Inkjet printing as disclosed in EP 0880303, 
laser transfer as described In EP 0851714. flexographic printing, screen printing and 
doctor blade coating. 

Optical devices tend to be sensitive to moisture and oxygen. Accordingly, the substrate 
preferably has good barrier properties for prevention of Ingress of moisture and oxygen 
into the device. The substrate is commonly glass, however alternative substrates may 
be used, in particular where flexibility of the device is desirable. For example, the 
substrate may comprise a plastic as in US 6268695 which discloses a substrate of 
alternating plastic and barrier layers or a laminate of thin glass and plastic as disclosed 
in EP 0949850. 
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Although not essential, the presence of a layer of organic hole injection material over the 
anode is desirable as it assists hole injection from the anode into the layer or layere of 
semiconducting polymer. Examples of organic hole injection materials Include PEDT / 
PSS as disclosed in EP 0901176 and EP 0947123, or polyaniline as disclosed In US 
5723873 and US 5798170. 

The cathode Is selected in order that electrons are efficiently Injected into the device and 
as such may comprise a single conducive material such as a layer of aluminium. 
Alternatively, it may comprise a plurality of metals, for example a bilayer of calcium and 
aluminium as disclosed in WO 98/10821. or a thin layer of dielectric material such as 
lithium fluoride to assist electron injection as disclosed In, for example, WO 00/48258. 

ThB device is preferably encapsulated with an encapsulant to prevent Ingress of 
moisture and oxygen, Suitable encapsulants Include a sheet of glass, films having 
suitable barrter properties such as alternating stacfcs of polymer and dielectric as 
disclosed in. for example. WO 01/81649 or an airtight container as disclosed in, for 
example. WO 01/19142. 

In a practical optoelectronic device, at least one of the electrodes is semi-transparent in 
order that light may be absorbed (in the case of a phatoresponsjve device) or emitted (In 
the case of a PLED), Where the anode Is transparent, it typically comprises Indium tin 
oxide. Examples of transparent cathodes are disclosed In. for example. GB 2348316. 
Where the polymer of the invention is used In e switching device such as a field effect 
transistor, it will be appreciated that all of the electrodes may be opaque. 

The PLED may be a passive matrix or active matrix device. 

Examples 

Monomer Example (\) 

A monomer of formula (I) was formed according to either one of the two methods set out 
below: 
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Method 1: 




(I) 
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Monomer P^ amole fll) 

A monomer of formula (II) was forms* according to the method set out balow: 




Toluene, NaOlBu, 
Reflux 




Toluene, NaO(Bu, 
Reflux 




• J ♦ 'O* 



do 
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Monomer Fxamnls fj ll ) 

A monomer of formula (III) was formed according to the method set out pelow 
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The central bfphenyl ring of monomer (III) may be provided with substltuents such as 
alky! or alkoxy as disclosed In Macromol. Symp. 125. 157-164, 1997. These 
substltuents Induce twisting of the phenyl rings relative to each other, thus disrupt 
conjugation along the backbone of the repeat unit 

Polymer Examples 

Monomer examples (IHM) were co-polymerised with 2,B-dibmmo-6.6.12,12-tetra(iv 
octyljindenofluorene to form corresponding polymers (l)-(lll) by Suzuki polymerisation 
according to the method set forth (n WO 00/53656. 

Although the present invention has been described In terms of specific exemplary 
embodiments, it will be appreciated that various modifications, alterations and / or 
combinations of features disclosed herein will be apparent to those skilled in the art 
without departing from the spirit and scope of the Invention as set forth in the following 
claims. 



^aa r\ Anr 
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Claims 

1) A monomer of formula (Im): 



si! 



P-ArHy-Ar'ftl-Arj — p 



n 



iUnn* 1 !" "~ " ° na I"-"* an opaona,* 

palladium complex catalyst; and n Is at toast a 

i^TT r°"" n9 10 ° ,ain ' 1 V * ereln 830,1 P te *• «• llfferan. and to 
2™*** ■ — *• I—* group setocted ta. a bom jc 

"herein Z ,a setoctod from .ha gmup msmv) substituted a*yl and a* 

3) A monomer according to claim 1 or 2 whaialn n Is 2 or 3. 

z:zzr* ln9 10 * a[m 1 * 2 or 3 each r ,s * 

5) A monomer according tg dalm 4 wherein each R is a group of formula (II): 




wherein G is hydrogen or a subslitutent 
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6) A monomer according to claim 5 wherein 6 is a substftuent selected from C,^, alKyl; 
C^alkoxy: C^fluoroalkyl; C^perfluoroalkyl; and fluorine. 

7) A process for preparing a polymer comprising the step of polymerising the monomer 
of formula (Im). 

8) A process according to claim 7 wherein each P Is Independently a halogen or a 
moiety of formula -O-SO-rZ and the monomer of formula (Im) is polymerised In the 
presence of a nickel complex catalyst 

9) A process according to daim 7 wherein each P Is independently a halogen or a 
moiety of formula -0-SO a -Z. the monomer of formula (Im) is polymerised with a second 
monomer having at least two reactive boron fonctlonal groups independently selected 
from a boronic acid group, a boronic ester group and a borane group, and the 
polymerisation is performed in the presence of a palladium complex catalyst and a base. 

10) A process according to claim 7 wherein eech P is Independently a reactive boron 
functional group selected from a boronic acid group, a boronic ester group and a borane 
group; the monomer of formula (Im) Is polymerised with a second monomer having at 
least two substitutente independently selected from halogen or a moiety of formula -O- 
SOrZ; and the polymerisation Is performed in the presence of a palladium complex 
catalyst and a base. 

1 1 ) A process according to claim $ 7 wherein one P Is a halogen or a moiety of formula - 
O-SOa-Z and the other P is a reactive boron functional group selected from a boronic 
acid group, a boronic ester group and a borane group and the polymerisation is 
performed in the presence of a palladium complex catalyst and a base. 

12) A process according to any one of claims 7-11 wherein the monomer of formula (Im) 
is polymerised with a second monomer selected from the group consisting of optionally 
substituted aryl and heteroaryl groups. 

13) A process according to claim 12 wherein the second monomer is selected from the 
group consisting of optionally substituted phenyl, fluorene, spirobifluorene, 
indsnofluorene and heteroaryl. 

14) A polymer obtainable by the process of any one of claims 7-1 3. 
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«l A c^olyme, c^n, a ft* reFeat unlt ^ (|r) aM a ^ ^ ^ 



— Ar-|V|-Ar 1 /N-/ 
R 

J n 



Or) 



l^T/l^ t !" *"" " ^ -TO* an optionally 

and that la drecHy hnKed and conlugatad .0 Ar oftha firat rapaat un» of fdn™Mr> 

16) A copolymer ac.wd.ng to cteh, 15 „n orBln *a „ s-edM 

of op,o„a» a,*^ phanyl BuWBnei tpWffllwns Wanofloo^aVd HaZ^l 

17) An optica, datrfca comprising a find rtaotredafermjaoBonof oha^a carta* of a Bod 
*pa. a aacond atectnate for .rjeoton of charga carders of a aecondUaTI oo^nw 
accon,n 5 te Cam, 14 located balwean <ha ftat and SKOflo ""' ^ 

18) A method of forming an optical device comprising: 

depositing from solution a polymer according to claim 14 onto a 
substrate carrying a first electrode for injection of charge earners of a 
first type, and 

depositing over the polymer a second eiectrode for Injection of charge 
earners of a second type, 

19) A etching device comprising a polymer according to claim 14. 

2D) A field effect transistor comprising, in sequence, a gate electrode: an insulator a 
^according to Calm 14: and a drain eiectrode and a so urce 

21) An integrated circuit comprising a field effect transistor according to claim 20. 
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